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AIEWRAC’I’

Using the available observations in 1699, 18(,5. (II!), aI I; 1965, a?] orbit IIas  been rc-computed  for periodic emnct

55 P/lclll~}cl-”1’uttlc,  the parent body of Ihc 1 <i~l I if i ],@ j Ns. ‘1 hc canct’s  mot ioii has bczn numcl  ieally integrated

back in time for two millennia and cphc]lmidcs  c..u1,])u[,  ii for call pcrihclio[l  lc.tutn. Chinese observations of the

cornet in 1366 arc WCII rcprcscntcxt and wc lltiw ilk ( It i (i xl possible (but ~tot dcfillitc)  observations of the cotnct  in

October 1234 and January 1035. The ) co]~it~ 10 tc;.m lIavc  bcc]l  obsc] vcd since. AD. 902. Prior to the eighth

century, no lxxmid  mctcmrs  should have l.wti \’is  I lbli tx...msc the. cmuct’s olbit  passed too far outside that of the

Earth. Using previously recorded aec.mmts of ihc I o.mi.;  mctcm  showers and storms as a guide, wc have provided

predictions fo~ the upcmming I.conid displays JII NCWLVIII x:r of 1996- 1999. ‘Jlic  1998 and 1999 events hold thc

most promise for a 1 xonid meteor stortn  ahllOlljl]  1 t I KU( scam lit [Ic ]ikc.]ihood  that the great storms of 1833 and

1966 will be repeated in the cmming yews.

INTROI)lJCJ’JON

The Jicld of meteor astronomy began durinp, tllc s~wlic.ular I tonid  mctem shower witnessed in castcm North

Amcriea  during the early morning hours of Nmw  IIkI 1 ‘1, 1833. obwrvcm  wore stunned by a storm of meteors

with an approximate rate of 50,000 pcr how. ] )c.liisol[  ( )Inlstcd,  a Yale Collcg,c professor, was among the firsl to

note the cclcstial natul  c of the phcnomcf  la by ] }oi 1 i 1 it ~[’, wit the kxation  fj cm which tlic meteors seemed to cmcrgc

was stationary in the neck of Ihc c.onstcllatiml  1 J.w (Ollmtezt,  1834). [Jsins  historical accounts of the l-amid

showers from A.D. 902 to 1833, }Mert A. Nctv(oi, ( 1861)  cstablislu.-xl  a tinlc of 33. ?5 years bctwczn major shower

events and predicted the next major I MM lid event would  OCCUI  in Novembc,r  1866. Although it did not cmparc

with the great storm of 1833, the anticipated n lctc.:~: d 1 sp]. IJ on November 13, 1866 was impressive with a recorckxt

rate of approxirnatcl  y 5,000 meteors pcr lm I (01 I vi ri, 1 !)25). 1[ was alsc) ill 1866 that the parent eomct of the



1 xxmids was ciiscovcrcd  by Ernst W. 1,. ‘J ‘clnlwl al hlar>rille  and J loracc 1’. I“UUIC at 1 larvard. l“his  comet’s orbit

was soon idcnt  ificd with an orbit for the. 1 Mt J i I? I [K [w: parl iclcs  thcmsc]vcs:  t hc connection between comets and

meteor stream J)articlcs  was made clca]- i~l th{ 1 $.6! ~’s ( }’comat  w, 199 1). I lmvcvcr  the disappointment when the

prcxiictcd  18991 mmid meteor storm fai Icd to II Iti I CI ;all  ..L SCVCI cly set back the sckliw. of meteor astronomy. In

1925, Charles Olivicr recalled that ill the iarx of’ }L,i  c.8! public atiticipalim)  ald substantial press covcragc,  “the

failure of the 1,ccmids to return in 1899 was IIX: V. OJ S[ III(w’ ever sufllncd by as[ronomy in the eyes of the public”

(Olivicr 1925). After disappointing disj,lays i}, II 932 a~,d 1933, many fca!c<i the. 1,eonid  storms were only of

historical interest. ]Iowcvcr, the cxtraoltlit~al,  S( IIJII 01 I Novcinlwr 17, 1966 clramatically  demonstrated that the

Leon id displays were far from dead.

The annual November 1.mnid rnctcor showcls  H)K1 t) I( & cmhld 1,c.onid mclcor s[onns (e.g. 1833, 1966) are far

better krlown than is the Lcxmid parent body, cm Ici <).5]’/  I ‘cnq)cl-”j  ‘i]ttlc.  Since. A ,1). 902, cnhanccd Leonid meteor

showers have been remrded  around the t iliic of th: ] ):ir(.  II C.cmict’s  rctulns to perihelion. The parent comet itself,

however, has not been seen for rnorc than a fiw (i {y.< at H tly apparition cxccpt ill late 1865 and early 1866. Thc

coming perihelion return of canct ‘1’cmpcl -’J’ u[[Ic ayai u ] .Ii scs the ]jossibilit  y of stlong meteor displays in 1998-99

as WCN as a chance to observe the clusiw  paw If m Iwi ‘1 IIC Jatmaly 1998 pcJ ihclion return of the canct offers the

best observing opportunity since late 1865. (.hh Jai,.u+ry 17, 1998 tllc  cmnc[ will pass within 0.36 AU of the Earth

and less than 8 dcgrccs from the north CCICSI iai ] Wk 1( SII mld Ix. al] easy target foj nor-lhcrn  hcmisphcrc  observers.

In an earlier wc)rk, Ycornans (1981) used ) 865-()!; ard 1965 astronlch  ic data to compute an orbit for wxnct

55Pflcnq~cl-Tuttle and then numerically i~ltcp,[  a[cd the comet’s n~otion back to the early tenth century. By

comparing the orbital circumstances of tht paiut)f  [ ot t W( war the tirncs of the obscrwxi Lwmid displays over the

902-1969 interval, criteria were cstablisllcd  fi.)1  sig(  li{lca~,[  1,cmlid displays to cwwr: displays arc possible roughly

2500 days before or aficr the comet rcachm pcl itd I(MI hi onl~’ if’ tlIc comet j~asscs closer than 0.025 Al) inside or

0.010 AU outside the Earth’s orbit.

In the CUI rent work, the comet’s orbit has bwtl  II II])JiWd  II Y hcluditlp,  the 1699 data in the solution and the comet’s



motion has been numerically integrated back itl t imc f{~r I WC) nii Ilcmia. Ephclmidcs  were cmnputcd  at each of the

comet’s returns to pcr-ihclion  and scarchc.s WI-V c co A tctt,  1 for C)l)SCWCZI apparilio]ls  prior to 1699. I mnid rnctcor

shower predictions have also km updated fo) tl I(: 1 ‘9(X - 1999 1)(] iod

TIIE ORBIT OF Till?. PARENT COM [’:1 S51’/ I’I:M I’M ,-’l’[J’J’’JK/K

Astromctric data exist for pcricdic  comet “1’CII q K-1-’  II ‘il[ilc fI m the 1699, 1865-66, and 1965 apparitions. There is

only a single 1699 observation by Gottfl icd Kit c.h :ud m,1 y thi cx uscf[ll obsmvtit  ions in mid-1965. The remaining ‘

48 observations c.over the interval from 1 kxm~ih:)  25, 11:!’)5 ttu oupli  February 9, 1866. In addition, rough Chinese

obscrvat  ions were used by I@ncla (1932) to dcit:]  It IIiI K a! I appI mimatc 01 bit for the comet’s return in 1366. In an

earlier work, Ycomans  (1981) computed an 01 I)it b Isrd 11 I m] IIIC n ml rcccllt  two apparitions. When this orbit was

integrated back to 1699, the single obscr }wtiol  I of fhfi I y(.t~ indicated that a corrcztion  of-17.3 days was required to

bring the computed time of perihelion pasw~c  i] )1o al xx)! dance with the obscI vcd position. Using the 1865-66 and

1965 data, various values for the transvc.t  sc ~~[~])y,t  ~\i[at  }oual ],artiluctcl  (A2) as defined by Marsdcn  ct al. (1973)

were iteratively input until the orbit rcsidwds  f[)~ I l){ sit q,lc 1699 obsct vat ion I caclxxi a minimum. The optimum

value for the A2 nonf,ravitatiorud paramcic.r  u zis .193 x J ()-11 A11/(day)2 and tllc  mean residual for the 1865-66

and 1965 observations was a rather large. 1 S.4 a I t SLZO] 1 :1s. ‘I”hcl L.. were also systematic residual trends to onc arc

minute suggesting that the dynamical n KKld WI* IN d o d i I dy  sucmssful.

in the current work wc used the JPI, colncl  wtd a<ku ~)id mbit determination program rnaintaincd by Paul W.

Chodas sincx the mid 1980’s. This prqy  iilii u scs fi Ii IIMI izd, wcip.hted  lc.ast-squalcs  estimation algorithm in which

observational data arc used to improve all c.xi<ii 11~, o) bit “1 ‘hc d}mamic-al  IIKXM  ilicludcs  all planetary perturbations

at each time step. The numerical intcgtat or cllqdoys  a \ ~(irddc step, variab]c  ordcl Adams method (Krogh 1972),

and the stcj}  sim varies to ensure that the cstiiwitcd  IWMl vclocitj’  cl ror at each t imc. step is lCSS than 10-13 AU/day.

The equations of motion inclwlc rclat ivislic.  tct ~]i. ( !+wl lid-! klcss and )’cmal IS 1994) to k compatible with t.hc

employed planetary cphcmcris  DE404 (Standish cl al 1 ‘LJ5) and the par[ial  dc] ivativcs nwcssary for adjusting the

initial renditions arc integrated along wdh the C4N Id’s C41  M ioi Is of’ motiol  1. ‘l”his program has bum used to gcncratc



aceuratc orbits for spacxzrafl  targets (Ycm nat ] $ ci a I. 1 W{) as well  as for Ihc. Ill! cc milkmnial  investigation into the

motion of comet 109P/Switl-Tuttle (Yau C( al., 1991 )

For cxxnct  55P~J’cmpcl-Tuttle, wc have CJ 1 iploycd tli:  01 w.rvatiom ftoln 1699, 1865-66, and 1965 to obtain an

orbital solution, solvinp, for the orbital CIC] 1 mts M ~’:cl I a. for tllc mdial and transverse nongravitational  parameters

(Al, A2). Uxccpt  for the single observation it! 1 (W) f<)] v, Inch the Icsiduals  wcic 11 .?’ and 6.6’, therms unweighed

residual was 3.8 arc seconds, and whik  the ohscrv;tl!i(  ~1 I r( siduals  were noisy,  nc~ obvious systematic residual trends

were evident. Ihc radial nongravitatiom  1 I)i) :ra II ICI I I (A 1 ) is not WCII dctcrmincd and the transverse

nongravitational parameter (A2) has a vahlc  will] i t) 6% of thfit f(mnd  by Ycwmans ( 1981 ). Table 1 gives the

nongravitat  ional parameters and the orbi M c1 C( 1 I(:JIIs  f,. ~1 all the observed al~paritions  as WCII as the predicted

orbital clcmcnts for 1998. Jupiter and Sat ~liIl  al c ill: n i tJor pcl tu[bing bodies fbr comet Tcmpel-Tuttle; Table 2

notes the times and minimum separation clistanw.s  wh:} t t’1 w cm ICI ]]asscd within 1 AIJ of these pkmcts.

The eonsidcrablc  improvement over the. orbit  ~mldis!m:l  b~ Ycomam (198 1 ) results from including nongravitational

pararnctcrs  in the orbital solution. in the p[c~’ioils  wok: va  I ious test values of the tl ansvcrsc  nongravitational

parameter (A2) were input and solutions \vc.tl: n M(i( fol fl m six c)] bital  clclncnts  until  tlm 1699 observation could be

reprcscntd  approximately. Because they did not (I nj )Ioj I mngi wit  ational  cflkls  and used on] y observations from

the two most rcccnt apparitions, the 1998 perihcli(m  pa$wgc time given by Malsdcn  and Williams (1995) is 0.52

days earlier than the result given here.

In an cfiort to dctcrminc  if there were any carliul  O?. IS,.I w I ions  c)f cornet Tcmpcl.l”ut[lc,  the orbital solution given in

Table 1 was numerically integrated baclmard  i! i ii I II K fc))  Iwo millu mia. ‘1 “hc comiputed  time of perihelion passage

in 1366 is within 0.14 days of the value. clctcl 11 Iil Id b) Kandz (1932) using the 1366 observations alone. Ilc

success with which the orbital extrapolation JI r+f c% :4{ (IIC obsu vcd 1366 pel ihclion passage time, ccmplcd  with the

know]cdgc  that no major planctm-y pcrtmbat m~ls t I d: p’: v:z (SCC ‘J ‘able 2), Sivcs us confidcnw in the accuracy of

the 2,000 year integration. Using sofiwar~  dcvcltq).x!i  to ~:westi~atc  close l{arth q)proachcs of comets and asteroids

(Yeomans and Chodas  1994), wo also kept t! id c~f tll’ Positional  uncm taititics  associated with each planctmy



cncountcr. IJkich time the comet passed cilosc I(I ii I ICI (ur}, I illg plaIKL,  the n)ir~inmln  separation distance and the fir~-

sigma unccrtaint  y associated with this distanw }iw~ oLJ[j u,t In OUI backwald ildqy ation, it was not until the scccmd

century A .11. that these 3-sign~a  unccl  taild ic.s aj )] ~ [o,lcI)[ d the va~ucs of the CIOSC approach distarms  thcmsclvcs.

Figure 1 presents the orbital characteristics fc)I (on KX ‘1 ‘e I rlpcl-’l’ut[lc.  Eplictncl  ides were cxrmputcd  for a number of

potential apparitions and scarchcs  into the. litc.~  i{tilrr  v:c.rc then undertaken to dctcrmil)c  vvhcther  early apparitions of

the cornet were rcco dcd. W c  assumwl l?Ia( tlic c<))) let’s appat cfd nqyjilwtc can bc rcprcscntcd  using t h e

expression:

m = 9.0-1 5 log (d) -i 20 log (r)

where d and r arc the .gcoccntric  and hdiocml  I i{ dI ~i;I IIU. in AU’S, ~llis cxprcssiolt, which was taken from a data

tape provided by the Minor Planet  Center, giv(x a irir ICI !rcscldatiolt  of the conwt’s rcportd behavior in 1866. To

facilitate the search for earlier apparitions, wc }Ifii’c  n t:wk the c.r udc assumj~l  ion that the cnnct’s intrinsic brightness

has remained relatively constant over twc) II ii] ICI uiin JII 1 I}ytrc 2, \vo hrivc ]dottcd  the rnininnrm gccwmtric  distance

and brightest apparent magnitude for each of II K co nc[’s I ciurlts  sit w A .11. 17. At kast  since 1366, the comet has

been intrinsically y faint and achicvcct  naked eye. visil  ,iliiy OIt!y fc)] a fcw days WI)CJI it approached very CIOSC (< 0.1

AU) to the E%t.h, Stephenson and Yau ()985) m){ed that fhc active comet 1 lallcy dots not reach obvious naked-eye

visibility until its apparent magnitude is bctwccil  3 .S al ~d 4 0 while Yau et al. (1994) pointed out that the ICSS active

comet 109P/Swifl-Tuttle reached naked ey( visit )ili[ y 01 dy when its appartm[  ma~tlitudc was brighter than 3.4. As

is evident from F’lgurc  2, cornet ‘~cnqxh’l’utlk’ II iipl d )EN)i. ~eachcd a nlagnit  udc brighter than 3.4 in 1699, 1366,

1234, 901, and 17. ldcrdificd observations lmvc  tm~t  rcco dcd oJily  in 1699 and 1366.

A possible early sighting of comet Tcmpcl-’1 ‘UI i lo co I(w IS a gum{

Oct. 30 (1 IO Pcng Yoke, 1962). At this tinw, cx)])i(l ‘]’~r[,j  d-TuItlc

star rccordcd by lapancsc  observers on 1234

came ~vit}lin  0.1 AU of the Farth with a solar

clongat  ion angle of about 75 dcgrccs. }:or Ja],:tl](st  ot,,rrvcrs, it should have. been a naked-cyc object in the

northeast morning sky. Despite these favw abk ci t co msiaIIci.x, no rcarrcts  of this cornet  were located in either

Chinese or Korean historical texts. Only a brie-f si)ll(i}lg  c.:mcaning  a guest stal observed on October 30, 1234,



was found in a Japanese work. Under 1234 ( k.[ol~:l 30: 8 list inj[ by Kanda (1935) includd  a qort  extracted from

130rusho  (a work compiled around AD 1260, TVlIIIdI Io.  wds  tlic activi[ics  of the imperial court during the period

from AD 967 to 1259). The Japanese rcmrd  s{a(c;  tltat “On t}ic scvc.nth day, day Jcm-shen  (of the 60day  cycle) in

the tenth month of the first ycm of the IhHrIIyiIkII rci}’,llj ~<rbd  (’ 1 ?34 (MOIXI 30), a guest star appcarcxl,  but the

astronomers did not see it. A cxmrt  ofkitil’s d:+uj.ht t:t -i 1 I. h saw it .“ Despite the brevity of the Japanese account

and }Iascgawd’s  (1980) dismissal of this sight it t!, [Ii ii I::]WOSC  obscrwd ion during the fcw days during which the

comet would have achicvcd naked-cyc bli[’,ldncss  SU/JWSI < tJmt this might  have been an observation of the comet.

There is also a possibility that the Chinese obsc.1  v{d the ~mmcl on January 15, 103S. According to Ho Pcng Yoke

(1962), the Chinese noted that a star a]yw-artxl  al ]Iigl,i at the Wai-Phin~  ask.rism (in Pisces) and that it had

vaporous rays. At the time, canct Tcmpc] .3’NI I k wo.I Id 1 iavc bcxm in l)isccs  at distanczs of 1.33 and 0.96 AU from

the EM-th and sun rcspcctivc]y  and at a SOLW ck~[l~:at  ii u) of 46 dqyws, 1 Jowcvcr,  if the comet had the same

outgassing  charactcrist ics as it has had more ~ U(CJ][ IJ’, it would ha vc bum scvc.ral magnitudes fainter than a naked

eye object. Conceivably, the czxuct  may }Mvr  u) i&~go. K: a stron~ outbulst at that time, raising its brightness

mnsidcrabJ  y. Either eomct Tcmpcl-Tuttle wits allt~m ilcN) sly b] ighi in January 103S or it was not the comet noted

by the Chinese in that year. Wc could loca[c  ]m 101 ISCI }’atio]~s  of’ the comet dulin~ its CJOSC lku-th approach on

October 12,901 despite the fact that the conwl ]cad d il~ C] OSC.SI 1 Arth approach (0.008 AU) within a few days of

a ncw moon, For Chinese observers, the CXM w should h’i w bcziI all c-my naked-cyc object  in the eastcm morning

sky. In summary, wc cannot claim that COIIWI ‘1 cIl q d “1’u 1 tic was dcfmitcJy obscr vcd prior to 1366.

TIIII I)EONID  METICOR SIIOWERS ANI} S’I’(.));M%

Although there aic no dcfmitivc observations of CO{M:I  ‘1 r.{npeJ-’J’u[tJc  prior to J 366, the. cmmct’s  debris has been

observable since at least All. 902. hhanced 1 I 1(:1 ri II d lsll!ays  were ICCOI dcd Cm scvc~al  dates since 902 and major

],conid  meteor storms were oficn rccordc<! as wc.11 (.c.y, , ():+4, 1238, 1566, 1833, and 1966). Twentieth century

observations of the Ixonids  suggest that tllc ]Ku [[liJ (hs(  F vcd rate., adjusted to the zenith, is about 15 pcr hour.

However, durin,g  the fcw years before or aficl  liIc lp:il  cnl conlct’s  rctum to pcl ihclion,  the I,conids can produce



cxtlaordinaly  storms of several thousand Juclrms pit h[ utr. (lmwt ‘J’cmJwl-”1’ut  [Ic pfisscs close to the Ruth’s orbit

at its descending node. Using the 2000 -JcaT Iuic.1. w.! rd ) 1 dcg[at ion of come.t “J’cfi-l]>c.l-l’~lttlc,  wc have computed the

diffcrcnccs  between the Earth’s hcliocml  I k dist+ri[z  i{{ the t imc of the cornet’s nodal  passage and the comet’s

heliocentric distance as it passed throug}]  it~ dcw~.~ I( lltq’  JIodc, 3 ‘IIcse.  distarxz difi’crcnccs  arc plotted in Figuic”s.

The comet can pass within 1 -2 AU of Juj,i[ct  ill,d Stiturl~ (see Tab]c 2) and it is primarily these planetary

perturbations that alter the comet’s nodal d isla w:< fi (,N n L Mic ret urn to the JKX1, 11 is evident that no I.mnid  rncteor

showers could have been observed prim to II)( c I~IJII I I century bcx.ausc  the pawnt cmnct passed through its

descending node WCII outside the Filth’s  or-hi [, Ihliai ion pressure would bc. cxpectcd to push the small dust

particles back behind the cmnct  and outside i{< w i ,i[ so }hat ]tiaim 1,wnnid  mctcm storms arc most likely when the

Earth trails the comet to, and passes just outsidr  ~ If, tk cmncl’s  dcsccndtng M&. For example, the great I,conid

storms of 1833 and 1966 occurred bccausc 1~1[  1.MLh ~1 J lowed tlic cotncl  to its descending node and passed Just

outside this point by 0.0012 and 0.0031 All JcsIm[iv(!y. )~ip.urc 3 clcady S}V5WS  why such impressive meteor

stomls  were seen in 1833 and 1966 and wll)’  illr t SW . 1 ‘NJ cvcnls were so disapJminting.

What can be said about tic likelihood ot a sp,ni f Irzmt n~ctcor showw or storm in 1998 or 1999? In 1998-

99, tic l:kwth  will pass nearly three times as far fi, )tl I tll,  cond’s  orbital path as it did in 1966 and more than six

times further than it did during the great  skmII (d I :.%3 The 1998-99 c.ircun~stmmx  arc most like those for the

1866-68 and 1931-32 returns. For the fiMnm ~h:ri[~d,  hcull  ly r~tcs of up tc) 5,000 were reported while in the latter

period, about 200 was the maximum rcpcu kxl ~ i+?c J ly s iIlnllatinp, part iclc cjcz.[ioris  from the parent mmct  in the

previous two perihelion rctums, Wu and M’dli[tllm  ( 1996) predict that while the. 1999 shower will bc unimpressive,

the 1998 shower may be similar 10 those SCZ}l  ill) 1899 (m 1932. While it does not seem too likely that there will bc a

major Leonid siom~ in either 1998 or 1999, 01{-  ~},~ssibi]  1[ y calumt  be I ulcd cwt. Significant displays should bc

looked for in both years. Table 3 gives the I,IcdLc.[c. 1 t ilms in each year when the Iiart passes through the comet’s

orbital pkmc.  ‘1’able 2 lists the cnnct’s close apiu (OC hcs to its ]Jrhiry pc.ftulbcm, Jupiter and Saturn, Ihc most

rcccnt  sigt~ifica])t  cornctary  perturbation wa% in 173?  s[) tl JII. pal t iclcs rc.lcastxt fr(llii  the parent comet subsequent to

this date would bc rc]ativcly unaffcctcxl by diflcl(xlti:~l  jllat  ,r[a~’ ]M iurbatioJ1s.

In January 1866, comet Tempcl-’J’utth:.  tf~~ t}}c ~.xxmct coit)ct  to bc obstxvcd spcctroscqically  (J Iuggins

1866: Secchi  1866). Both continuum radiation ii) id tlic (‘~ SwaJ~ bands wc.rc obsc.rvwl  (though not rccogniml  as



such at the time). I’hcsc crude obscr-vatio]  K were ] 1 ui d{’  IF (WC tlmn 130 years ap,o and thin-e were no observations of

this cmmct’s  physical behavior at its next obscJ vud I c(!!l 1 n II 1 1965. As a lcsult,  VCI y little can bc inferred concerning

its dust production rates at any time in the ]JHst ‘1 tic c~f ~ iicxdii)ary  Ixaiid sto ItI]  of 1966 suggests that, despite the

unimpressive past apparitions of the eomci., ii i\ s(1 I I lc~sil  i\I, subslal]l  ial amounts of’ dust. Because of solar radiation

pressure. and planckwy perturbations, the 1,c.:~llid  ],W{COJ st rcm~i parlic]cs mos[ distant from the parent cornet will

have the largest dcviat ions from the parent MN I Id’s (Mbit As a result, tttc prcdickxt  times of the 1996-97 shower

maxima givwi in I’able 3 could bc in crrm b}r SCVL ]:il  h[iurs. If his[ory is any [:uidc, even the predictions in 1998

and 1999 could be in crmr by a fcw hours (Ktcsal 1 W3 ~, Brown and ]oncs (1 992) and Jcnniskcns (1996) provide

shower maxima predictions that arc slight b M 1 ]it:l H tl(i si~]liiicant  I y later than those provided here. The

approximate right ascension and dcclinat  ion of’ t I IC Iad iii] I( po]Td (12.000) arc 153.6 and +21.8 dcgrccs rcspcctivcly

and moonlight should bc a problem only it ~ 1 W‘1 P,q(:hxli ohm VCJs at val-ious  lo]l~itudcs  arc advisut to coordinate

observing programs SC) that observations of a ] 1 IaI k cd I IN tom ] ate. incrcasc  could bc. trat wnit ted to aid subsequent

obscrvat ions by others in more westerly Io;.a[ it M 1 I. I hc II]tel  llational  l,conid Watch program is one such

coordination effort (Ihown  1991). HmvcvcI  UIKCI M i~i t t w 1 rmlid events may be in 1998 and 1999, they arc well

worth art observational effort. From l:i~ow 3, wc note t IIat bcxausc  of planetary pcrtu]bations,

century after the 1998-99 events before sip.nificfinl  ] .ami: I mctcm displays arc likcl y oncz again.

it will bc another
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Figures

1. Orbital Diagram, in ecliptic plane. pro.ic4[iwl,  for ( :omct  P/1 ‘empcl -Tuttle. Pkmctary  positions arc given for

the tirnc of the cornet’s 1998 perihelion ]~:isw~:c  ( J 998 l’cb. 2.8). ‘1’hc innwmost  orbit is that of the Earth.

2. The minimum geocentric distancz.  and tlw ]}](~lic~.  xl bri@cst mag~litudcs  arc plotted for each return of

comet P/Tcnq~cl-Tuttle over a pet iod of tv, o [liil L.wnia. 11’01 each fippal ition, the plotted apparent

magnitude rcprcscnts  the brightcsl val uc at hicvcz.! when the comet’s solar clcmcat ion angle is larger than 40

dcgrccs.  The horimntal dashed litlc  ] cjwsfmIs tlI; approximate naked-eye limit for an active periodic

COIllCt

3. Minimum Diskrnccs Bctwccn Conwt and 1.~l LI] (J1 bits at the ~’in~e of Con]ct’s  Nodal Crossing

Tables

1. Orbital clcmcuts and nongravitatimml  llala m:icrs kv  l)/J’cillpcl-’I’~~t[lc

2. Minirnutn separation distances ald tillw: fi w COJ) W[’S ajq}roachcs  10 within

Saturn

1 AU of Jupiter and
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Table 2.

Date

48 April

344 J u n e

570 Mar.

700 Oct.

864 J u n e

866 Sep.

1068 Jan.

1099 July

1630 Mar.

1 7 3 2  July

Miliimum separation (All) d(s{;+ I K, :s and t lIncs foI conict’s apli[ oacl~cs to wkhin 1 AU of Jupiter

and Saturn

Jupiter Satl!rll

0.81

0.54

0.54

0.88

0.52

0.86

0.s7

().34

0.83

Table 3. Predicted Leonid Shower Circ,wll<[anco<  AlthoII@ chmxl meteor showw activity is likely in 1996 and

1997, a mchxx storm is most likely Iri 1998 w Id/CII ] 999.

Earth passes through cxmct’s F%ltll f(dkw’s (-l )

orbit plane 01 km (-) C4N1W Mom’s agc kpmcntativc

Date (Ul”C) HH:MM (d”iys) (Culys) obscr  ving sites

1996 NO V. ] 7 7:20 -473 6 l~astcrn U.S.

1997 Nov. 17 13:34 -108 1 ‘1 Wcstcrll  U. S., Hawaii

1998 Nov. 17 19:43 + 75’/ 2s Japan, Asia

1999 NO V. ] 8 1:48 + 6?3 g J kropc, North Africa


